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(54) Microelectronic device having a package with internal ducting for the passage of cooling 
fluid 



(57) Improved heat dissipation is achieved by a mi- 
croelectronic device comprising: a package body having 
at least one interior duct formed therein through which 
a cooling fluid may pass; one or more integrated circuit 
dies disposed within the package body in a manner al- 
lowing the one more integrated circuit dies to be ex- 
posed to the cooling flu Id; and connectors tor connecting 
the one or more integrated circuit dies to an electrical 
circuit external to the microelectronic device. In an illus- 
trative example ol the invention, the interior duct is cou- 



pled to an external cooling fluid supply and return via 
openings on the sides of the package body, to advanta- 
geously provide the package with the same profile as a 
conventional package. In another Illustrative example of 
the invention, the duct is separated from the integrated 
circuit die by a thin partition disposed in the package 
body. The thin partition is adapted to prevent direct con- 
tact between the cooling fluid and circuit die while offer- 
ing minimal thermal resistance thereby allowing a high 
degree of heat transfer to the cooling fluid. 
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Description 

Cross Reference to Related Application 

United States patent application Serial Number 
08/332223 was filed concurrently herewith. 

Technical Field 

This invention relates to the cooling of heat-produc- 
ing devices. More particularly, this invention relates to a 
microelectronic device having a package with internal 
ducting for the passage of cooling fluid. 

Background of the Invention 

Effectively dissipating the heat produced by the op- 
eration of microelectronic devices, such as those utiliz- 
ing semiconductor integrated circuit flC") dies, is an im- 
portant concern in optimizing the performance of the cir- 
cuitry in which those devices are used. In addition to 
optimizing performance, effective heat dissipation also 
helps to prolong the useful life of those devices and en- 
hances overall system reliability. 

IC dies are often encapsulated in a package made 
of plastic, ceramic, or glass in order to protect the IC die 
from mechanical and chemical hazards and assist in 
heat dissipation. A heal sink, typically made of metal 
having high thermal conductivity, may be attached to the 
outer surface of the package to further heat dissipation. 
Such heat sinks often utilize an array of elongated fins 
arranged on a common platform where the platform is 
then bonded or mechanically attached to the top of the 
IC package. Cooling fluid, such as air, conducts heat 
away from the IC package by means of forced or natural 
convection. Unfortunately, such cooling arrangements 
afford limited cooling capacity and th us, may not be able 
to adequately dissipate the heat generated by today's 
high-powered electronic components in certain applica- 
tions. Furthermore, add-on heat sinks may adversely 
change the profile of the IC package which, in some cas- 
es, may require redesign of the circuit board on which 
the IC package is mounted. 

Summary of the Invention 

Improved heat dissipation is achieved, in accord- 
ance with the invention, by a microelectronic device 
comprising: a package body having one or more interior 
ducts formed therein through which a cooling fluid may 
pass; one or more integrated circuit dies disposed within 
the package body in a manner allowing the one more 
integrated circuit dies to be exposed to the cooling fluid; 
and a connector for connecting the one or more Inte- 
grated circuit dies to an electrical circuit that is external 
to the microelectronic device. 

In an illustrative example of the invention, an interior 
duct is coupled to an external cooling fluid supply and 
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return via openings on the sides of the package body to 
advantageously provide the package with the same pro- 
file as a conventional package. In another illustrative ex- 
ample of the invention, the duct is separated from the 
s integrated circuit die by a thin partition disposed in the 
package body. The thin partition Is adapted to prevent 
direct contact between the cooling fluid and circuit die 
while offering minimal thermal resistance thereby allow- 
ing a high degree of heat transfer to the cooling fluid. 

10 

Brief Desorlptlon of the Drawings 

FIG. 1 shows a cross sectional view of a conven- 
tional microelectronic device. 
is FIG. 2 is a cutaway pictorial view of the microelec- 
tronic device shown h FIG. 1. 

FIG. 3 shows an illustrative example of a microelec- 
tronic device having a package body with an Interior 
duct, in accordance with the Invention. 
20 FIG. 4 shows a cross sectional view of the microe- 
lectronic device shown in FIG. 3. 

FIG. 5 shows another cross sectional view of the 
microelectronic device shown in FIG. 3. 

FIG. 6 shows an illustrative example of a microelec- 
2S tronic device in which the package body is assembled 
from a plurality of parts, in accordance with the inven- 
tion. 

HQs. 7-10 show various Illustrative ducting config- 
urations, in accordance with the invention. 
&> FIG. 11 shows an Illustrative example of a microe- 
lectronic device having a partition between the ducting 
and an integrated circuit die, in accordance with the in- 
vention. 

FIG. 12 is a schematic diagram of the mic reelec- 
ts tronic device shown In FIGs. 3-5 coupled to an illustra- 
tive example of an external cooling system. 

FIG. 13 is a schematic diagram of the microelec- 
tronic device shown in FIGs. 3-5 coupled to an illustra- 
tive example of an external closed-loop cooling system. 

40 

Detailed Description 

FIG. 1 shows a cross sectional view of a conven- 
tional microelectronic device 10 including an integrated 

45 circuit ("IC") die 12 and a conventional molded plastic 
package 14 having a standard profile and produced in 
accordance with known manufacturing processes and 
equipment. As used herein, the term 'IC die 0 refers to a 
basic semiconductor device fabricated from a silicon 

so wafer and having a plurality of electrical bonding pads. 
The term "package" refers to a device including a pack- 
age body for housing the IC die, and a connector, such 
as a leadf rame, for making the electrical connection be- 
tween the ICdleand a circuit that is external to the pack- 

ss age. The combination ol both a package and IC die is 
termed a "microelectronic device" herein. 

There are two types of molded plasttc^packages 
known in the art: postmolded packages and p remolded 
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packages. FIG. 2 is a cutaway pictorial view of the mi- 
croelectronic device 10 shown in FIG. 1 which Is an ex- 
ample of a conventional postmolded package. Referring 
to HQs. 1 and 2, an IC die 1 2 Is mounted to a die-attach 
paddle portion 1 9 of a metal leadframe 20. The attach- 
ment is typically made using eutectic solders, polymer 
adheslves, silver-filled glass resins, or conductive epox- 
ies. Wire bonds 13 are used to interconnect the bond 
pads of IC die 12 to the leads 1 8 of leadframe 20 which 
are fanned out around IC die 12. In other known ar- 
rangements, wire bonds are not used, and the IC die Is 
directly attached to the fanout pattern of the leadframe 
in a so-called "flip chip' arrangement. As shown in FIGs. 
1 and 2, leadframe 20 and IC die 12 are encapsulated 
in a thermosetting molding compound using a transfer 
or injection-type postmolding process. In the premolded 
package type (not shown), an IC die and leadframe may 
be Inserted into a premolded plastic part, typically a 
base. The IC die Is attached to the lanout pattern of the 
leadframe 20 through wire bonds or via direct attach- 
ment as described above. The fanout pattern connects 
to pins extending from the package to provide a leaded 
package, orto bonding pads providing a leadless pack- 
age. An encapsulating material such as silicone or 
epoxy may be disposed around the IC die in the base 
of the premolded package. A lid made from plastic or 
metal, or a molded plastic package top, is then adhered 
to base to seal the package. In both package types, dur- 
ing electrical operation of IC die 12, the generated heat 
is conducted through the molded plastic material of 
package body 1 4 and th rough leads 1 8 of leadframe 20. 
Dissipation of heat from the I C die 1 2 in this manner thus 
restricts the rate at which heat can be removed from the 
IC die 12. 

FIG. 3 is a pictorial view of an illustrative example 
of a microelectronic device 30, in accordance with the 
invention. As shown, microelectronic device 30 has the 
substantially the same profile as the conventional mi- 
croelectronic device 10 shown in FIGs. 1 and 2. FIG. 4 
shows a cross sectional view of microelectronic device 
30 taken along section 4-4 in FIG. 3. FIG. 5 shows a 
cross sectional view of microelectronic device 30 taken 
along section 5-5 in FIG. 3. Referring then to FIGs. 3-5, 
microelectronic device 30 includes a package body 38 
having an interior duct 33 which advantageously pro- 
vides a direct heat conductive path between IC die 32 
and a cooling fluid 36 which flows through the interior 
duct 33. The interior duct 33 also advantageously pro- 
vides a direct heat conductive path between leadframe 
37 on which IC die 32 is mounted and the cooling fluid 
36. As will be appreciated by those skilled in the art, heal 
generated during the operation of IC die 32 not only 
flows to the top of I C die 32, but is also conducted 
through the bottom of IC 32 die to leadframe 37. As 
shown, inter br duct 33 extends through the package 
body 38 to provide predetermined exposed areas of the 
top and side surfaces of leadframe 37 and the top and 
side surfaces of IC die 32 with a measure ol cooling that 



was heretofore unachievable in conventional microelec- 
tronic devices. These exposed surfaces are typically 
shown as 47, 48, 49, and 50. Cooling fluid 36 may be, 
for example, a gas such as air, or a chemically Inert, 

s electrically non-conducting liquid. One suitable liquid 
cooling fluid Is commercially available under the desig- 
nation FLUORINERT FC-77 by the 3M Corporation. Al- 
though FIGs. 3-5 illustrate leadframe 37 as the means 
for connecting ICdle32toan external circuit, leadframe 

10 37 may optionally be replaced by a connector compris- 
ing a metallized circuit pattern and die connectors that 
are incorporated directly into the package body 38 in a 
manner that is known in the art. A direct connection may 
thus be made between the bonding pads of IC die 32 
and the die connectors in package body 38 thus making 
wire bonds, as described above, unnecessary IC die 32 
may be attached to the metallized circuit pattern and 
connectors using conventional attachment means. It 
should be noted that while only a single IC die and Into- 

so nor duct are shown in FIGs. 3-5, it is intended that the 
scope ol the invention Include devices having a plurality 
of IC dies and interior ducts. 

Package body 38 also includes couplers 31 which 
are used to connect cooling fluid carriers (not shown), 

2* which would typically comprise pipes, to microelectronic 
device 30 in a fluid-tight manner. The connection be- 
tween the cooling fluid carriers and couplers 31 could 
be threaded, adhesive-bonded, brazed, welded, sol- 
dered, friction-fit, molded, or press fit according to the 

30 particular materials selected for the cooling fluid carriers 
and the package body 38. Couplers 31 are shown ex- 
tending from, and being integrally formed with, package 
body 38 in FIGs. 3 and 5. However, this arrangement is 
merely illustrative as couplers 31 may take any form 

3S which having sufficient area to mate with the fluid carri- 
ers in the desired fluid-thight manner. Accordingly, cou- 
plers 31 may be, for example, individual parts which are 
Joined to package body 38. It may also be desirable for 
couplers 31 to be disposed partly or entirety within pack- 

40 age body 38. 

Package body 38 may be formed from conventional 
package materials such as plastic, ceramic, metal, re- 
fractory glass, or combinations thereof. Package body 
38 may be conveniently shaped for use with most pack- 

45 age types, including for example, slngle-h-line packag- 
es, dual-inline packages, pin grid arrays, small outline 
packages, ball grid array packages, and quad flat packs. 
Multi-chip modules and three-dimensional packages 
having a plurality of chip carriers are also intended to 

so tall within the scope of the invention. Package body 38 
may be assembled from a plurality of individual parts, 
or may be formed as a unitary part where all the above 
described features of the package body are integrally 
formed as single piece. If a plurality of parts Is utilized, 

55 then any of the above described materials may be suit- 
able. If a unitary part is desirable in some applications, 
then plastic is a preferred material because of the ease 
in which it may be shaped by molding. The other de- 
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scribed materials may still be utilized, however, they 
may require more operations to achieve the final torm, 
and as a result may be less preferable for unitary pack- 
age bodies. 

In the illustrative example ol the invention shown in 
FIGs. 3-5, package body 38 Is a plastic unitary part 
which la formed around teadf rame 37 and IC die 32 In 
a conventional postmokJing process. Interior duct 33 
may be formed In package body 38 by using known 
molding methods which provide for hollow molded parts, 
lor example, blowmolding, rotational molding, or trans- 
fer and injection molding using removable cores. Alter- 
natively, interior duct 33 may be formed using postmold- 
ing operations such as punching, piercing, or drilling, al- 
though such methods are less preferred. Of course, in- 
terior duct 33 may also be readily formed if package 
body 38 is assembled from a plurality of parts. FIG. 6 
shows an Illustrative example of the invention using 
such an arrangement In which package body 80 com- 
prises a base 62 and lid 64. It is emphasized that pack- 
age body 60 in this illustrative example may be formed 
from any of the materials described above and is not 
limited to plastics. 

Interior duct 33 may be arbitrarily shaped, although 
in most implementations o1 the invention it will have a 
simple, non-varying cross sectional configuration, for 
example, circular or rectangular, in order to simplify fab- 
rication of microelectronic device 30. Those skilled In the 
art will also appreciate that the actual shape of interior 
duct 33 Is a less important factor In effectively adapting 
the principles of the invention to a particular integrated 
circuit application than certain design choices such as 
type of cooling fluid used, the cooling flu id flow rate, and 
the overall size and number of the ducts employed. Of 
course, application parameters such as the number of 
IC dies to be cooled, and the rate at which heat is pro- 
duced by the IC dies will greatly influence the making of 
these design choices. Thus, it will be apparentthat these 
design choices may be made in such a manner to ac- 
commodate the number of IC dies, the amount of heat 
produced, and the like, according to the well known prin- 
ciples of heat transfer and flu id dynam bs. In the ill ustra- 
tlve examples of the invention shown, a single duct 33 
is shown as having a substantially rectangular cross 
section with a height that Is approximately equal to the 
width of I C die 32 and a width slightly larger than the 
width of IC die 32. 

As shown in FIG. 5, interior duct 44 is arranged to 
longitudinally pass through package body 38 from one 
side of package body 38 to another side. Thus, a vector 
indicating the direction of the flow of cooling fluid 44 in 
package body 38 is parallel the top surface of IC die 32. 
However, this ducting configuration is merely illustrative 
as other arrangements are Intended to fall within the 
scope of the Invention. FIGs. 7-10 show several exam- 
ples of other ducting configurations. FIG. 7 shows duct 
33 having an entrance in the top of package body 38 
and an exit on one side of package body 38. This duct 



configuration provides for a "jet impingement' arrange- 
ment where cooling fluid 36 Impinges the top surface of 
IC die 32 and leadframe 37 so that the vector tndicatrig 
the direction of the cooling fluid flow 44 In package body 

5 38 is orthogonal to the top surface of IC die 32. Jet im- 
pingement generally provides a greater degree of heat 
transfer to cooling fluid 44 compared with the longitudi- 
nal duct configuration shown in FIG. 3. Therefore, jet 
impingement may be a desirable method of Increasing 

10 the heat transfer to the coding fluid 44 from IC die 32 
and leadframe 38 in certain applications of the invention 
where maintaining a low profile is a secondary consid- 
eration. It should be noted that the entrance and exit for 
duct 42 could be reversed in FIG. 7 so that fluid enters 

'5 at the side of package body 38 and exits at the top. FIG. 
8 shows interior duct 33 having openings - where an 
opening can be used as either an entrance or exit to the 
duct - on the top and sides of package body 38. FIG. 9 
shows openings only on the top of package body 3 8. 

20 FIG. 10 shows open figs on the top and bottom of pack- 
age body 38. It should be apparent that the number and 
location of duct openings can take various configura- 
tions according to the requirements of a particular ap- 
plication. 

sts FIG. 11 shows another illustrative example of mi- 
croelectronic device, in accordance with the invention. 
In this illustrative example, a partition 110 is included in 
package body 138 between interior duct 1 33 and IC die 
32. Partition 110 prevent direct contact between cooling 

30 fluid 36 and IC die 32 which may be desirable In some 
applications of the invention. Partition 110 is selected to 
be sufficiently thin so as to offer minimal resistance to 
heat transfer between cooling fluid 36 and IC die 32. Ad- 
vantageously, the use of partition 110 in this illustrative 

3S example of the invention allows interior duct 1 33 to read- 
ily formed using transler or injection molding techniques 
since core complexity is reduced as a result of the uni- 
formity of the duct's cross-section from entrance to exit. 
Referring now to FIG. 12, there is shown a sche- 

40 malic diagram of microelectronic device 30 coupled to 
an illustrative example of an external cooling system 
400 via supply line 415 and return line 420. Cooling sys- 
tem 400 may be, for example, a system-level cooling 
system which is typically centralized so as to provide 

45 cooling for devices at different locations within the sys- 
tem. It is noted that the term 'system" as used herein 
refers to the overall system to which microelectronic de- 
vice 30 belongs. A system could be, for example, a com- 
puter, an audio amplifier, a telephone switching system, 

so and the like. One example of a system-level cooling sys- 
tem is disclosed in United States patent 4,865,123 by 
Kawashlma el a!., the disclosure of which Is Incorporat- 
ed by reference herein. Alternatively, it may be desirable 
to employ a circuit-pack-level cooling system. The term 

£5 "circuit -pack 0 as used herein refers to devices which typ- 
ically comprise a plurality of eiterconn acted integrated 
circuits mounted on a common substrate. These devic- 
es are often called 'cards' or 'boards" which are in- 
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stalled in slots at the system level. Modem cards and 
video boards lor personal computers are well known ex- 
amples of circuit packs. Such a circuit-pack-level cod- 
ing system is disclosed In my co-pending United States 
patent application Serial Number (K. Azar Case 1 4) filed 
on the same day as the present application, the disclo- 
sure of which Is Incorporated by reference hereh. As 
shown in FIG. 12, cooling fluid (not shown) from cooling 
fluid reservoir 430 is pumped through supply pipe 415 
to microelectronic device 30 by pump 420. After cooling 
microelectronic device 30, the cooling fluid exits micro- 
electronic device 30 and flows through return pipe 420 
to return reservoir 440. It is evident that cooling system 
400, as shown in FIG. 12, is an open loop system where 
the cooling fluid makes a single pass through microe- 
lectronic device 30 and is not recirculated. As such, 
when the cooling fluid is air, then return reservoir 440 
could be replaced by a vent to the surrounding atmos- 
phere, If cooling fluid Is water, then return reservoir 440 
could be replaced by admin. FIG. 1 3 shows an example 
of a closed loop cooling system 600 coupled to microe- 
lectronic device 30. Cooling fluid (not shown) from cool- 
ing fluid reservoir 520 is pumped through supply pipe 
515 to microelectronic device 30 by pump 510. Alter 
cooling microelectronic device 30, the cooling fluid exits 
microelectronic device 30 and flows through return pipe 
525 to heat exchanger 540 and then back to cooling fluid 
reservoir 520. 

It will be understood that the particular techniques 
described above are only illustrative of the principles of 
the present invention, and that various modifications 
could be made by those skilled in the art without depart- 
ing from the scope and spirit of the present invention, 
which is limited only by the claims that follow. For exam- 
ple, conventional heat sinks may be attached to the 
package body, the IC die, or both, to further increase 
heat dissipation from the IC die. 



Claims 

1 . A microelectronic device, comprising: 

a package body having at least one interior duct 
formed therein through which a cooling fluid 
may flow; 

at least one integrated circuit die disposed 
within said package body so that said at least 
one integrated circuit is exposed to said cooling 
fluid; and 

at least one connector for connecting said at 
least one integrated circuit die to an electrical 
circuit that is external to said microelectronic 
device. 

2. The apparatus as claimed in claim 1 , wherein said 
package body is a unitary part, or includes a base 
and a lid. 



19 884 A2 6 

3. The apparatus as claimed in claim I, wherein said 
connector comprises a teadf rame, or Is a metallized 
circuit pattern disposed in said package body. 

s 4. The apparatus as claimed in claim 1 , wherein said 
at least one Interior duct has at least one opening 
either on at least one side of said package body, or 
on the top of said package body, or on the bottom 
of said package body. 

10 

5. The apparatus as claimed in claim 1 wherein said 
cooling fluid is a gas, or a liquid, or an inert, electri- 
cally non-conducting liquid. 

*5 6. The apparatus ol claim 1 , wherein said package 
body is formed from a material selected from plas- 
tic, glass, metal, ceramic, or combination thereof. 

7. The apparatus as claimed In claim 1 , wherein said 

20 package body is shaped either as a dual-in-line 
package body, or as pin grid array package body, 
or as a small-outline package body, or as a quad 
flat pack package body 

25 6. The apparatus as claimed h claim 1 , wherein said 
package body is formed using a molding process 
selected from Injection molding, transfer molding, 
btowrndding, or rotational molding. 

30 a The apparatus as claimed in claim I, further includ- 
ing a partition formed with said package body 
between said at least one interior dud and said at 
least one integrated circuit such that said exposure 
of said integrated circuit die to said cooling fluid is 

35 made through said partition. 

10. An apparatus, comprising 

at least one microelectronic device including 
40 a package body having at least one interior duct 

formed therein through which a cooling fluid 
may flow; 

at least one integrated circuit die disposed 
within said package body so that said at least 
45 one integrated circuit is exposed to said cooling 

fluid; 

connectors for connecting said at least one 
integrated circuit die to an electrical circuit 
external to said microelectronic device; and 
so a cooling system coupled said microelectronic 

device. 

11 . The apparatus as claimed in claim 1 0, wherein said 
cooling system is either a closed-loop cooling sys- 

ss tern, or an open-loop cooling system. 

12. The apparatus as claimed In claim 10, further 
including at least one coupler for coupling said 
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package body to said cooling system. 

13. The apparatus as claimed in claim 1 wherein said 
package body Is a multi-chip module, or a three- 
dimensional package. 5 

14. The apparatus as claimed In claim 10, further 
including at least one heat sink coupled either to 
said at least one Integrated circuit die, or to said 
package body, or to said at least one Integrated cir- to 
curt die. 

15. The apparatus as claimed in claim 1, wherein said 
package body Is arranged as a ball grid array. 

is 
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FIG. 12 



415 



30 

MICROELECTRONIC 
OEVICE 



7 

420 




420 



400 



RETURN 
RESERVOIR 



440 



FIG. 13 



515 



30 

A. 

MICROELECTRONIC 
OEVICE 



7 

525 




510 l^ 500 



HEAT 
EXCHANGER 



540 



13 



